INTRODUCTION
Variations in solar-wind dynamic pressure and orientation of the interplanetary magnetic field (IMF) alter the magnitudes and distributions of currents around and within the magnetospheric cavity.
One well-established signature of changes in these currents is an increase or decrease in the horizontal component of the magnetic field detected with magnetometers at lowlatitude ground stations. For example, the magnetic field at all local times begins to increase abruptly, in £ 1 minute, in response to the collision of an interplanetary shock with the magnetosphere [e.g., Nishida, 1978] . The magnitudes of these increases are typically tens of nanoteslas. If no further changes occur in the solar wind or within the magnetosphere, the increase in field strength is identified as a sudden (positive) impulse. Of further significance is a rapid compression followed by a geomagnetic storm, in which the ring current undergoes a rapid (hours) main phase enhancement and auroral activity increases dramatically at higher latitudes. In this case, the lowlatitude increase in the magnetic field is identified as the sudden commencement, or SC, of a geomagnetic storm. Unfortunately, the detection of changes in the surface magnetic field associated with interplanetary discontinuities can be ambiguous [e.g., Burlaga and Ogilvie, 1969] , and a unique determination of the type of discontinuity can not be obtained from a clearly observed ground signature [e.g., Taylor, 1969; Chao and Lepping, 1974] ,
There is also an immediate response to a shock impact in the form of enhanced energetic (tens of keV) electron precipitation along the auroral oval.
These increases are observed with riometers and balloon-borne x-ray detectors [e.g., Brown et al., 1961; Matsushita, 1961; Ortner et al., 1962; Ullaland et al., 1970] . Increases in auroral luminosities are also reported [Vorob'yev, 1974] . The enhancements can begin simultaneously (&, 1 min) with SC onsets and last for ~ 3-10 minutes. The magnitudes of the enhancements vary from 10% to factors of > 2, depending on the method of detection, and also vary from event to event. These immediate, brief increases are not associated with auroral substorms.
Many investigators have studied the response of the auroral electrojet to impacts by interplanetary discontinuities on the magnetosphere [Wilson and Sugiura, 1961; Kawasaki et al., 1971; Burch, 1972; Kokubun et al., 1977] , with an emphasis on the triggering of auroral substorms. In brief summary, it appears that a substorm can be initiated following a shock impact for which the magnitude of the SC exceeds ~ 10 nT, and for which the IMF z-component, Bz, is negative for ~ 30 minutes before the SC [Burch, 1972] , However, the magnitude of the SC for triggering a substorm may depend on other parameters of the solar cycle [Kawasaki et al., 1971] and the amplitude of the IMF [Burch, 1972] . Extended periods of Bz positive prior to a SC will in general not lead 3 direction, the rate of energy transfer increases with increasing V and B across the shock. The more southward B, the greater the coupling and energy dissipation.
The maximum time delays from SCs to auroral substorm onsets used in the various investigations have not been identical. For example, Kawasaki et al. [1971] appear to use ± 3 minutes, while Kokubun et al. [1977] allow delays of up to 15 minutes in defining simultaneity. No unique relation is known for the time of substorm onset after a SC.
We wish to pursue further the auroral responses to the arrival of interplanetary shocks using time sequences of global auroral images routinely provided by the imaging photometers on board Dynamics Explorer 1 (DE 1) [Frank et al., 1981a] . Our objective is to monitor auroral luminosities prior to and following SCs for which the sign of Bz is the same on each side of the shock associated with the SC. For the first case, the IMF is directed well southward, and in the second case it is northward. In each case there is an immediate response followed in ~ 30 minutes by the onset of significant variations in luminosities and spatial distributions. For Bz < 0, an auroral substorm is observed. For the case of Bz > 0, sun-aligned, polar-cap auroral forms brighten, and a transpolar arc of a theta aurora is seen to develop initially at local midnight. The AE index is < 125 nT in the 4 hours before the SC, and 5 increases to ~ 190 nT for ~ 2 hours after the SC (see Figure 2b) . A brief (~ 3 rain) increase to ~ 360 nT is initiated within one minute of the SC. Significant magnetic activity with AE > 1000 nT is present after ~ 1000 UT, at about the same time that the main-phase decrease develops. It will be shown that the IMF is predominantly northward for this event (see Figure 5) . The upward direction of the arrow locating the SC at 0525 UT in Figure 1 denotes this predominant direction.
Event of 20 October
Observations with the ISEE-1 and -3 spacecraft demonstrate that Bz is predominantly negative for more than 12 hours prior to and for more than 6
hours after the SC of 20 October 1981. A portion of these observations with ISEE 1 is presented in Figure 3 for the period 0920-1440 UT to show that |Bz| ~ B in the several hours prior to arrival of the solar-wind discontinuity at ~ 1300 UT, and that Bz is large and negative after passage of the discontinuity. Geocentric solar magnetospheric (GSM) coordinates are used. The time history of ground magnetic activity described previously is in full accord with these variations in B and Bz. Two points of note which make this a less than ideal case study for Bz < 0 are (1) the brief, ~ 10 minute, depression in B and concomitant rotation in IMF direction beginning at ~ 1258 UT, during which Bz is positive, and (2) the slow, ~ 10 minute, ramp in magnitude from ~ 6 nT to ~ 18 nT after 1305 UT. The IMF direction returns southward at 1307 UT.
Analysis of the solar-wind plasma for the time interval around 1300 UT reveals abrupt increases in bulk speed, density and temperature at 1305:30 UT (±30 sec), coincident with the initial rapid increase in the magnitude of the IMF. The bulk flow speed and ion temperature increase from ~ 600 km/sec and 2 x 10 5 K to ~ 660 km/sec and ~ 3 x 10 5 K, respectively, and the relative density increases by a factor of ~ 1.6 (J. T. Gosling, private communication).
We identify the discontinuity at 1305 UT as an interplanetary shock, which when detected at ISEE 1 is embedded within a weaker solar^wind discontinuity for which the most prominant signature is a rotation of the IMF direction.
The ~ 3.5-minute delay between detection of the shock with ISEE 1 at GSM coordinates ( upper left in the plate, has been gained using a passband which extends from 120 to 155 nm. Above Earth's limb, the photometer responds solely to solar Lyman-a radiation resonantly scattered by exospheric hydrogen [Rairden et al., 1983] . At auroral latitudes the principal emissions are due to atomic oxygen 
Lazarus, private communication).
The solar-wind speed of 575 km/s behind the shock and a distance of 198 R E to ISEE 3 within ~ 6° of the sun-earth line yields a time delay of 37 minutes, in agreement with that determined above.
In the slower solar wind ahead of the shock, the time delay for radial propagation is 46 minutes. The approximate 3-minute delay between SC onset and detection of the shock at IMP 8 is believed to be due in part to the orientation of the shock normal relative to the location of the spacecraft at GSM coordinates (-2.4, 22.8, -30.8 R E ). Using averages of the IMF magnetic field measurements obtained just before and after the shock, and applying the coplanarity theorem, the shock normal direction is (-0.937, 0.293, -0.192 The lack of measurements in the interplanetary medium from ~ 0535 to 0620
UT prohibits the identification of variations in the IMF which may be causally related to this unusual formation of a transpolar arc of the theta aurora.
However, the continuing presence of relatively bright, sun-aligned auroral forms within the polar cap throughout the interval of the gap in telemetry is consistent with Bz remaining positive. A southward turning of the IMF is expected to cause a decrease in luminosities within the polar cap [Frank et al., 1985] . This short duration is similar to the duration of initial responses to SCs observed in auroral x-rays and with riometers [e.g., Brown et al., 1961; Matsushita, 1961; Ortner et al., 1962; Ullaland et al., 1970] , and to the ~ 3- Auroras in the local-noon sector appear to be particularly sensitive.
We conclude that plasmas of the magnetopause boundary layer, and the dayside and outer magnetosphere are affected by the rapid magnetospheric compression that stimulates increased particle precipitation. Future analysis may determine the relative importance of increases in IMF magnitude and solar-wind momentum flux in determining the amplitude of the immediate increase in auroral luminosities.
For the case of Bz > 0, the immediate response is more striking than for Bz < 0 due to the lower emission rates before the SC. The later, delayed onset of a localized brightening at midnight followed by the ~ 1 km/sec sunward lengthening of a sun-aligned, polar arc of the theta aurora has only one counterpart in the DE data base of auroral images reviewed to date. However, the other example of sunward lengthening of a polar arc from the oval near mid-13 night occurs in a period of apparent quiescent conditions in the solar wind.
The IMF Bz component is positive. These observations suggest that in response to magnetospheric compressions for which Bz > 0, plasma flows in the plasmasheet boundary layer can be directed out of the plane of the geomagnetic tail and into the tail lobes. The direction of plasma flow and width of this plasma region would be guided and-determined by pre-existing sunward flow patterns established during the lengthy period of Bz > 0 [Maezawa, 1976; Burke et al., 1979; 1982] For the plasmoid model of Hones [e.g., Hones, 1984 ] the critical-region distance is X ~ -15 Rg, so > 25 minutes are available for the reconfiguration. For a model of magnetotail dynamics which emphasizes the plasma-sheet boundary layer [Frank et al., 1981b; Eastman et al., 1984.] and a more distant 15 acceleration region associated by Williams [1981] with energetic ions in the plasma-sheet boundary layer, the distance is X 100 RE and the available time for reconfiguration is > 10 minutes. 
